Background: Small studies suggest that subjects who have undergone bariatric surgery are at increased risk of suicide, alcohol and substance use disorders. This population-based cohort study aimed to assess the incidence of treatment for alcohol and substance use disorders, depression and attempted suicide after primary Roux-en-Y gastric bypass (RYGB).
Introduction
Bariatric surgery has been shown to reduce weight, decrease the risk of early death, and improve cardiovascular and metabolic health 1, 2 . Despite these improvements, several recent reports have suggested that there is an increased risk of alcohol and substance use disorders after bariatric surgery 3, 4 . In the USA, patients offered bariatric surgery have a greater lifetime history of substance abuse disorder, but lower ongoing substance and alcohol abuse compared with the general population 5 . Another study 6 from the USA showed that 16 per cent of patients seeking bariatric surgery were problem drinkers. A recent large multicentre study 7 from the USA also reported a significantly higher prevalence of hazardous alcohol use, and symptoms of alcohol abuse/dependence, along with a higher risk of fulfilling criteria for alcohol abuse/dependence at 2-year follow-up after Roux-en-Y gastric bypass (RYGB) surgery, compared with the first postoperative year and before surgery. Patients undergoing RYGB surgery seem to be more prone to develop alcohol use disorders than those undergoing restrictive procedures 3, 7 , perhaps related to the altered uptake and metabolism of alcohol seen after RYGB 8, 9 . This altered metabolism of alcohol is also seen after sleeve gastrectomy 10 , but not after gastric banding 11 , although in a rodent model alcohol reward after RYGB was independent of alcohol absorption from the gut 12 .
Patients who undergo bariatric surgery have a high rate of major depression before surgery. One study 13 reported a lifetime risk before surgery of 38⋅7 per cent. The 10-year follow-up report 14 from the Swedish Obese Subjects (SOS) study found no significant difference between surgical and control groups with regard to depression. At baseline, obese subjects who underwent surgery were more likely to be depressed, but significant improvement occurred after surgery. In a recent publication 15 of 7-year follow-up data of patients undergoing bariatric surgery compared with an obese control group, there was a transient improvement in symptoms of depression.
RYGB has also been associated with an increased risk of suicide and accidents compared with that in obese control subjects 16, 17 . Over a 10-year period, a suicide rate of 13⋅7 per 10 000 for men and 5⋅2 per 10 000 for women was reported from the USA after bariatric surgery, with most suicides occurring within the first 3 years after surgery. The age-and sex-matched suicide rates from the general population presented in the same study were significantly lower at 2⋅4 and 0⋅7 per 10 000 respectively. It seems that suicide attempts increase with BMI, but there is an inverse relationship between suicide mortality and BMI in men 18 .
Most previous studies that have examined these issues are small and come from specialized surgical centres. The present study examined the prevalence of diagnosis and treatment for alcohol and substance use disorders, depression and suicide attempts before and after RYGB in a nationwide cohort study in Sweden, compared with that in a large unselected population cohort (who had not undergone bariatric surgery) using several national databases.
Methods
This was a register-based nationwide and population-based cohort study of men and women, aged 18 years or more, who underwent a primary RYGB between 1 January 2001 and 31 December 2010, using the national personal identity number for each subject. This allowed identification and individual linkage between different registers.
Data sources
Data were used from the National Patient Register (NPR), Total Population Register, emigration records, Causes of Death Register, Population and Housing Census, Longitudinal Integration Database for Health Insurance and Labour Market Studies (LISA), and the Prescribed Drug Register (PDR).
Inpatient hospital care data were retrieved from the NPR, a nationwide register to which all hospitals are obliged to report. The NPR attained national coverage in 1987 and covers nearly 100 per cent of all hospital admissions.
The Total Population Register provides data on dates of death of each individual in Sweden. This register also detects emigration from Sweden; it is complete and continually updated by Statistics Sweden. 
Cohorts
By using the Swedish version of the Classification of Surgical Procedures (NOMESKO) codes relating to gastric bypass (JDF10, JDF11) with a confirmatory diagnosis of obesity from ICD-9 and ICD-10 (E66⋅0, E66⋅1, E66⋅8 or E66⋅9), all patients who underwent a primary gastric bypass procedure in the nationwide NPR were identified.
Each individual who had surgery was assigned ten ageand sex-matched controls, selected randomly from the general population through linkage with the Swedish Multigeneration Register. Each member of the reference group was assigned a pseudosurgery date corresponding to that of the case participant, giving the same before and after observation periods for the matched individuals.
Outcomes
Inpatient data, according to ICD-8, ICD-9 and ICD-10, for the following diagnoses were obtained from the NPR: alcohol use disorders (ICD-8 and -9, 303; ICD-10, F10), substance use disorders (excluding alcohol use disorders) (ICD-8 and -9, 304; ICD-10, F11-F16), depression (ICD-8 and -9, 300, 790; ICD-10, F32-F39) and attempted suicide (ICD-8 and -9, E95, E98; ICD-10, X60-X84 and Y10-Y34).
In a subgroup of patients, prescribed drug dispensation data were collected from the PDR for the following ATC group of drugs: alcohol dependence (N07BB), benzodiazepines (N05BA), hypnotics and sedatives (N05C), and antidepressants (N06A). This subgroup included all patients from the main cohort who had surgery or a pseudosurgery date between July 2006 and March 2008.
The regional ethics committee of Stockholm, Sweden, approved the study.
Statistical analysis
Preoperative and postoperative incidence rate ratios (IRRs) were calculated and presented with 95 per cent confidence intervals (c.i.). The preoperative person-time at risk was calculated from their 18-year birthday to the date of surgery/pseudosurgery or until the person had an event for the first time. The person was considered to have an event when the diagnosis in question was detected in the NPR.
After surgery, all study subjects were followed up regarding inpatient care diagnoses in the NPR. The follow-up time was from date of surgery/pseudosurgery until date of death, emigration or the end of the study, whichever came first. In the analyses of postoperative morbidity, the patient was considered to have an event the first time the diagnosis was detected in the NPR; person-time at risk was calculated accordingly. Postsurgery hazard ratios (HRs) were calculated with the Cox regression model, adjusting for age, sex, preoperative diagnosis (alcohol use disorder, substance use disorder, depression, suicide attempt), socioeconomic status and educational level. HRs are presented with 95 per cent c.i. Socioeconomic status was classified as: unskilled worker, skilled worker and non-manual worker. Educational level was categorized as: less than 10 years, 10-12 years, or 13 years or more.
Incidence rate (IR) and IRR for the studied outcomes for subjects who underwent RYGB and control subjects, before and after surgery or pseudosurgery dates, were also assessed.
For the analysis of drug prescriptions, for each drug the percentage of persons who had at least one prescription filled per year was calculated. Owing to the limited statistical power in this subset, results were adjusted by sex and are not presented as stratified. A Poisson regression with generalized estimating equations to account for within-individual correlation due to repeated measurements to estimate relative risks (proportions), confidence intervals and P values was performed. Wald χ 2 tests were used for analysis.
STATA™ software (StataCorp, College Station, Texas, USA) was used for all statistical analyses.
Results
Two cohorts were obtained. The first cohort consisted of 16 755 patients who had undergone RYGB and 167 550 reference subjects from the general population with data from the NPR; the median follow-up was 1⋅9 (i.q.r. 0⋅83-3⋅76) years. The second cohort comprised 3139 patients who had undergone RYGB and who had 1-year preoperative data and 4-year postoperative data from the PDR, and 31 390 reference subjects from the general population ( Table 1) .
Women in the RYGB cohort had a significantly increased risk of inpatient care for alcohol and other substance use disorders, depression and attempted suicide before surgery compared with those in the reference cohort using the pseudosurgery dates. Men in the RYGB cohort had an increased risk of inpatient care for depression and suicide attempt before surgery, but not of inpatient care for substance use disorders. Men in the RYGB cohort actually had a significantly lower risk of inpatient care for alcohol Values in parentheses are 95 per cent confidence intervals. IR, incidence rate; IRR, incidence rate ratio; HR, hazard ratio; RYGB, Roux-en-Y gastric bypass. Table 3 Incidence rate per 10 000 person-years before and after surgery for psychiatric diagnoses in the reference cohort and the gastric bypass surgery cohort, and incidence rate ratio comparing pre-and postoperative incident rates, stratified by sex Values in parentheses are 95 per cent confidence intervals. IR, incidence rate; IRR, incidence rate ratio; RYGB, Roux-en-Y gastric bypass.
use disorder before surgery compared with the reference cohort ( Table 2) . After RYGB surgery there was an increased risk of inpatient care for alcohol and substance use disorders, depression and attempted suicide in the entire surgery cohort compared with the reference cohort, affecting both men and women ( Table 2) . A significantly increased risk of inpatient care related to alcohol and substance use disorders after surgery was therefore seen only in men.
In the reference cohort, IRRs were no different before and after pseudosurgery dates for substance use disorder in men, and for suicide attempts in both men and women. In the surgical cohort, the risks of all studied diagnoses were significantly higher after surgery than before ( Table 3) . Suicide attempts were about twice as common in the RYGB cohort before surgery than in the non-obese general population ( Table 2) . When comparing the IR values for attempted suicide before versus after surgery/pseudosurgery, the IR did not increase in the reference cohort. In the RYGB cohort the IR for attempted suicide was significantly higher after surgery than before ( Table 3 ). The adjusted HR for attempted suicide in the RYGB cohort after surgery compared with that in the general non-obese population was 2⋅85 (95 per cent c.i. 2⋅40 to 3⋅39).
Use of prescription drugs
In the year before surgery, the surgical cohort was not at higher risk of being treated with medication for alcohol use disorders compared with the reference cohort. Over the 4-year study interval after RYGB, a greater proportion of patients in the surgery cohort had drugs prescribed for alcohol use disorders compared with the reference cohort. The percentage of patients treated for alcohol use disorders increased from 0⋅4 to 2⋅6 per cent after 4 years. In the reference group, the percentage receiving treatment was significantly lower and stable over time, with a slight rise from 0⋅2 to 0⋅3 per cent during the study interval (Fig. 1) .
In the year before surgery, 9⋅6 per cent of patients in the reference cohort were treated with antidepressant medication versus 27⋅0 per cent in the surgical cohort. Over the 4-year study period after RYGB there was a slight increase in the proportion of patients treated for depression in the surgical cohort, with 30⋅6 per cent receiving treatment 4 years after surgery, compared with 10⋅4 per cent in the reference cohort (Fig. 1) . Percentage of patients having Roux-en-Y gastric bypass (RYGB) surgery and control subjects who received at least one prescription each year for a alcohol dependence, b antidepressants, c benzodiazepines, and d hypnotic and sedatives in the year before surgery (year 0) and during a 4-year follow-up interval after surgery. *P < 0⋅050 versus control group, †P < 0⋅050 before versus after RYGB (Wald χ 2 test)
Patients in the surgical cohort were more likely to have at least one prescription of benzodiazepines in the year before surgery compared with the reference cohort (7⋅0 versus 3⋅0 per cent respectively), and there was a progressive increase during the 4-year follow-up interval, so that 10⋅0 per cent received at least one prescription in year 4 compared with 3⋅5 per cent in the control group (Fig. 1) .
Patients in the surgical cohort were more likely to have at least one prescription of hypnotics and sedatives before surgery than those in the reference cohort (16⋅2 versus 6⋅1 per cent), and there was a progressive increase during the 4-year follow-up period so that 24⋅5 per cent had at least one prescription in year 4 compared with 7⋅5 per cent in the control group (Fig. 1) .
Discussion
After RYGB surgery, men are at a higher risk of being cared for in hospital with alcohol and substance use disorders compared with an age-and sex-matched, non-obese reference cohort from the Swedish population, controlling for presurgery treatment history. More patients after RYGB were treated with medications for alcohol use disorders than the reference cohort. Patients who underwent RYGB also had an increased risk of attempted suicide after surgery compared with before. There was no such increase in the reference cohort. The risk of depression did not decrease after RYGB surgery.
This study lends further support to the observation that RYGB increases the risk of alcohol and substance use disorders. Previous studies based on interviews and questionnaires 7, 19, 20 demonstrated increases in alcohol and substance use disorders 2 years after bariatric surgery, particularly after RYGB. Patients who have undergone RYGB have also been shown 3 to have a twofold increased risk of a diagnosis of alcohol use disorder than patients who have undergone restrictive surgery. This may be related to the physiological alterations induced by RYGB. After RYGB there is a rapid increase in plasma alcohol concentration when patients consume one glass of wine, not seen after restrictive surgery 9 . Results from the SOS study 4 also demonstrated that the risk of alcohol abuse and alcohol problems was increased after bariatric surgery. Conversely, it has been reported that high-risk drinking may be reduced after bariatric surgery, although the same study 21 found that 7 per cent of patients became new high-risk drinkers. The present data showed that prescriptions for the treatment of alcohol dependence increased over the study period.
There is a significant positive association between depression and obesity in the general population, that is more marked in women 22 . It is not surprising, therefore, that the RYGB surgery cohort had higher rates of depression before surgery. There was no improvement in medical treatment of depression after RYGB. The Longitudinal Assessment of Bariatric Surgery (LABS) study 23 reported that 35⋅2 per cent of patients were treated pharmacologically with antidepressants at baseline, decreasing to 27⋅5 per cent at 3-year follow-up. In a retrospective study 24 of patients undergoing RYGB, it was reported that 16 per cent had a decrease or discontinuation of antidepressants, although there was no change in antidepressant treatment for the majority after surgery. The SOS study 14 demonstrated initial improvements in depression with deterioration as follow-up lengthened, although after 10 years there was still an improvement compared with baseline values. It is not clear why the present data differ, although the SOS study involved mainly patients having restrictive procedures.
An increased risk of suicide and suicide attempts has been reported previously 16 , mostly within 3 years of surgery 18 . In the present study there was an increased risk of suicide attempts resulting in hospitalization both before and after RYGB, compared with the reference cohort. There was no difference in the risk of suicide attempts before and after the pseudosurgery dates in the reference cohort, but in the surgical cohort there was a significantly increased risk of attempted suicide after surgery. A number of reasons for this have been suggested, including genetic susceptibility and changes in the release of gut peptides 25 . There is a strong association between depression and suicide 26 , so one explanation could be the lack of improvement in depression in the present cohort.
A strength of the present study is that it was nationwide and based on national databases with high quality and completeness 27 . The reference cohort represented the general population of Sweden with the same age and sex distributions as the RYGB cohort, so it was possible to make unbiased and relevant comparisons. By using two different outcome registries, with data on inpatient care and prescription drugs, it was possible to examine the consistency of the findings between these sources. The potential bias owing to patients lost to follow-up was avoided by the design of the present study. There were, nevertheless, some limitations. The control cohort was not matched for BMI, as information on weight loss was not available, and follow-up was short. The prescription drug data indicated only the drug prescribed and not the underlying disorder. This may have been altered after surgery.
Some of the pathologies studied are known to be more common in the obese population, although the Scandinavian Obesity Surgery Registry observed, in its annual report for 2014 28 , that at 5-year follow-up the mean BMI had decreased from 43 to 31 kg/m 2 for patients undergoing primary RYGB, with significant improvement in many of the co-morbid diseases associated with obesity. Many of the present outcome measures have been correlated to the degree of weight loss 29 . It is possible that some of the differences observed in the present study reflect the increased medical attention paid to individuals in the surgical cohort and the fact that the surgical cohort had a lower socioeconomic position than the control cohort, even though this issue was taken into account in the Cox regression analysis.
The relationships between alcohol and substance abuse, suicide and depression, and the weight loss and effects on physical co-morbidities induced by RYGB merit evaluation in prospective longitudinal studies.
